was localized both presynaptically and postsynaptically.
Interestingly, we also found that the Wg receptor, ever, this increase was not confined to presynaptic cells as expected, but was also found at the postsynaptic DFrizzled2 (DFz2) (Chen and Struhl, 1999 ) was exactly colocalized with DLG ( Figures 1G-1I ). In the CNS, DFz2 region. At this region, Wg label was significantly more intense and widespread than in wild-type, although still was also localized in motorneurons and in the neuropil (Supplemental Figure S2 available at http://www.cell.
restricted to the area surrounding each synaptic bouton. In contrast, postsynaptic Wg expression resulted in pericom/cgi/content/full/111/3/319/DC1). These observations suggest that DFz2 is expressed both pre-and nuclear Wg accumulation and did not alter the intensity of NMJ staining ( Figure 2M ). We also used a wg-Gal4 postsynaptically.
To determine if other Wg pathway components were strain in which the Wg promoter was fused to Gal4 to drive a GFP-tagged Wg (GFP-Wg). Analysis of wg-Gal4 also expressed at the NMJ, we used antibodies against GSK-3␤/Zeste-white 3 and the ␤-catenin homolog, Arusing UAS-LacZ reveals that this strain replicates the endogenous Wg expression pattern and shows expresmadillo (Arm). We found GSK-3␤ enriched presynaptically at type Ib boutons (Supplemental Figure S1 availsion in neurons, but not in muscles. Consistent with the notion that Wg is secreted by synaptic boutons we found able at above website). In contrast, we were unable to detect Arm staining.
that in wg-Gal4 x UAS-Wg-GFP larvae, GFP was distrib- ined Futsch distribution in temperature-shifted wg ts larvae and quantified the proportion of type Ib boutons lack of Wg function severely impairs the ability of the presynaptic arbor to expand in correlation to muscle containing unbundled filaments. We found that indeed the proportion of unbundled filaments was significantly growth. This conclusion was supported by overexpressing Wg presynaptically, which resulted in the opposite higher in wg ts mutants ( Figures 3C, 3E , and 3G), with the most substantial increase in the percentage of splayed effect, a significant increase in the number of boutons ( Figure 3B) . or disintegrated filaments, and with a decrease in boutons containing a loop. These results suggest that in wg In mammals, the Wnt pathway has been implicated in cytoskeletal reorganization during growth-cone exmutants synaptic expansion is arrested, but the boutons retain cytoskeletal features correlated to dynamic tension (Salinas and Hall, 1999 Figure S1 available at http://www.cell.com/cgi/content/ full/111/3/319/DC1). In addition, the MAP1B-related of pre-and postsynaptic proteins including CSP, Synapsin, Fasciclin II, DLG, and muscle glutamate receptors protein, Futsch, has been shown to colocalize with microtubules at the NMJ and to be involved in NMJ expan-(DGluRIIA). We found that wg ts boutons had a more irregular appearance (Figures 4A and 4D) . Wild-type boutons sion (Roos et al., 2000) .
In wild-type, Futsch is observed as a filamentous bunare elliptical with a smooth outline, have a well-defined size range (Johansen et al., 1989), and are separated dle that traverses the center of NMJ processes ( Figures  3D and 3F ). Often at distal boutons (at the end of a by neuritic processes ( Figure 4A ). In wg ts mutants many boutons were noticeably larger, they greatly deviated branch), this bundle can form a loop (Figure 3H) , have a splayed appearance, in which many thin filaments from an elliptical shape, displayed a rough outline, and often did not show a clear separation from neighboring diverge from the central bundle ( Figure 3I ) or lose its filamentous appearance becoming diffuse and punctate boutons ( Figure 4D ). We also found that distribution of glutamate receptors and DLG was altered in the mu-( Figure 3J ). During neurite extension, microtubule loops are associated with paused growth cones, while the tants. In wild-type, DGluRIIA are often localized in welldefined hot spots that have a doughnut shaped profile transition to new axonal growth is accompanied by splaying of looped microtubules, and by invasion of the ( Figures 5A, 5D arrow) , and which are directly apposed to active zones (Petersen et al., 1997) . In wg ts mutants, lamellipodia by microtubule fragments (Dent et al., To examine mutant synapse ultrastructure we serially sectioned type I NMJs and performed a morphometric arrow). Synapsin and Shi, were also slightly altered (not shown).
analysis ( Here we show that Wg has an essential role in pre-and (Figure 7) . In wild-type, T bars consist of a stem associpostsynaptic development. We provide evidence that ated with the presynaptic membrane and a bar perpenWg is secreted by type Ib boutons of the NMJ, and that dicular to the distal end of the stem (Figures 7A-7C ; Jia is it likely to interact with DFz2, which is clustered around et al., 1993). In mutant boutons of this second category, synaptic boutons, either postsynaptically or both premany T bars appeared as amorphous dense areas or and postsynaptically. Our studies with shi mutants also contained aberrantly shaped stems with little or no bar suggest that secreted Wg is likely to be endocytosed (Figures 7D-7F ). These abnormalities were never obby muscles. Under low Wg levels, synapse formation is served in wild-type, regardless of the plane of secseverely impaired, with many boutons lacking active tioning. Remarkably, the postsynaptic area immediately zones and postsynaptic structures. In those mutant bouapposed to active zones was also dramatically altered tons that develop active zones, release sites are abnor- (Figure 6B; arrows) . In wild-type, this region contains a mally shaped and the postsynaptic apparatus is markshallow pocket of amorphous material (arrows in Figures edly abnormal. We suggest that Wg provides an 7B and 7C). In wg ts mutant boutons of this type, the essential signal for active zone development, and that postsynaptic pocket was strikingly enlarged and often this signal is critical for proper development of the postcontained a number of membranous structures (Figure synaptic apparatus. We propose two models by which 6B arrows, Figure 7E asterisk) . These large pockets gave Wg may signal synaptic development (Figures 7G and boutons an irregular appearance, in which regions of 7H). Secretion of Wg and its interaction with pre-and the presynaptic compartment appeared detached from postsynaptic DFz2 may initiate a cascade of events that the SSR (Figure 6B ). Unlike the postsynaptic region disignals both pre-and postsynaptic differentiation (Figrectly apposed to active zones, the rest of the postsynure 7G). Alternatively, Wg secretion initiates a postsynaptic area appeared relatively normal, although the numaptic response, which elicits a retrograde signal required ber of SSR layers was significantly reduced (Table 1) .
for proper formation of active zones and new synaptic In addition, these boutons had fewer mitochondrial profiles (Table 1) .
boutons ( Figure 7H ). We further propose that endocyto- DGluRIIA and DLG observed in wg mutants may be the An apparent discrepancy is that, in the cerebellum, it consequence of grossly abnormal postsynaptic strucwas the postsynaptic cell which secreted Wnt-7, and ture. Alternatively, the diffuse appearance of glutamate which retrogradely affected the development of the prereceptors may point to a direct role of Wg in glutamate synaptic region. It would be interesting to determine receptor clustering. whether different Wnt isoforms may operate in different Taken together, these results are consistent with a cells (eg: pre-versus postsynaptic cells) to establish model by which Wg is required for the formation of active synapse morphology, or whether the difference with our zones, and that active zone formation is essential for study simply reflects the divergence of the two tissues proper development of the postsynaptic apparatus. In examined.
this context, Wg may serve a function similar to Agrin While many of the molecular components of the active at the vertebrate NMJ, in which an extracellular matrix zone have been identified (Garner et al., 2000) 
